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, [Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to a circuit and a heat dissipation 
controller of an integrated circuit, and in particular to a circuit and a fan heat 
dissipation controller applied to a central processing unit integrated circuit of 
a computer. 
[0002] 
[Prior Art] 

As FIG. 1 shows, in a circuit and a fan heat dissipation controller of a 
conventional integrated circuit, an integrated circuit 1 1 is connected to a 
stabilizer 12, and the stabilizer 12 provides a power supply necessary for the 
running of the integrated circuit 11. An input terminal of the stabilizer 12 is 
connected to one end portion of an inductive reactance 1 5 and an input 
terminal (-) of an operational amplifier 13. The other end portion of the 
inductive reactance 15 is connected to an input terminal (+) of the operational 
amplifier 13 and a power supply V C c> and an output terminal of the 
operational amplifier 13 is connected to a fan 14. In this circuit 
configuration, the amount of the current flowing through the inductive 
reactance 1 5 varies depending on the size of the load of the integrated circuit 
1 1 . Namely, the load of the integrated circuit 1 1 and the current of the 
inductive reactance 1 5 become larger, and at the same time, the phenomenon 
of voltage drop appears at both end portions of the inductive reactance 15. 
This voltage drop occurs due to the input of the input terminals of the 

1 



operational amplifier 13. The operational amplifier 13 amplifies this voltage 
drop, whereby the rotational speed of the fan 14 is controlled. Thus, the 
voltage resistance at both end portions of the inductive reactance 15 can 
determine the rotational speed of the fan 14 and control the running and 
stopping of the fan. In other words, therotational speed of the fan 14 is 
determined by the size of the load. 

However, in the circuit and apparatus of the above-described 
configuration, when the power supply of the computer is cut off, the internal 
central processing unit (integrated circuit) remains at a high temperature, and 
if the power supply is suddenly turned ON at this time, the fan does not run 
because the load of the central processing unit is not yet of a sufficient size. 
Therefore, the temperature of the central processing unit rises excessively, and 
there is the potential for the central processing unit to combust. 

Moreover, the operational amplifier continually transmits an output 
signal to the fan. This is particularly pronounced in the case of a laptop 
computer, but it leads to extremely useless power consumption. This results 
in a portable computer having to consume a large amount of power in order 
for the voltage necessary to run the portable computer to be supplied to the 
central processing unit and peripheral devices. Thus, the design of 
conventional fans causes the power consumption to increase and shortens the 
lifespan of the power supply. Also, when the fan combusts, this information 
cannot be conveyed to the system in a conventional circuit; thus, there is the 
potential for the central processing unit to easily combust. 

In portable electronic devices, which are constantly developing at 



present, there is a demand to make their outer shape and volume more 
compact, and when there is a limit on the volume, the fan cannot have a 
sufficient function. For example, the main heat-dissipating unit of a portable 
computer becomes restricted in terms of its volume and uses a compact fan, 
but it does not have a good heat dissipation effect. In consideration of the 
abnormal operation of each device that a poor heat dissipation effect invites 
and avoiding damage to the hardware, there are also personal computers 
disposed with a thermal sensor that senses changes in temperature during the 
operation of each unit. The thermal sensor senses the fact that the 
temperature has risen excessively and lowers the system efficiency (e.g., 
lowers the operating frequency or operating voltage), whereby it places the 
system in a low energy state and lowers the temperature. Conversely, when 
the heat-dissipating environment is good (e.g., when the computer is in a 
place where there is a cooler or a place where the ventilation is good), the 
temperature that the thermal sensor senses is lower than the normal operating 
temperature, the system is caused to function at a high speed, and a highly 
efficient operating pattern is achieved. However, as for the control of the 
switching of the system performance speed resulting from simply sensing the 
temperature with the thermal sensor as a result of temperature rises and falls 
becoming environment requirements of the heat-dissipating mechanism, the 
response speed of the system inevitably becomes slow. Consequently, 
problems arise in that the overheated state cannot be immediately eliminated, 
and the inherent system performance and efficiency are not exhibited. 
[0003] 
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[Problem that the Invention is to Solve] 

In order to solve the above problems, it is an object of the present 
invention to provide a heat-dissipating fan apparatus of an integrated circuit 
that controls the rotational speed of the fan with the temperature of the 
integrated circuit, the temperature of the peripheral environment and a 
reference temperature. 
[0004] 

[Means for Solving the Problem] 

In order to achieve this object, the heat-dissipating apparatus of the 
present invention controls the rotational speed of a fan with the load and 
temperature of an integrated circuit, the temperature of the peripheral 
environment and a reference temperature. The heat-dissipating apparatus 
includes at least an adder, a controller and a heat-dissipating fan apparatus. 

The adder receives first, second and third voltage signals and outputs a 
control signal. The first voltage signal corresponds to the load, the second 
voltage signal corresponds to the temperature difference between the 
integrated circuit and the peripheral environment, and the third voltage signal 
corresponds to the difference between the peripheral temperature and the 
reference temperature. The controller connected to the adder controls a 
switch on the basis of the control signal transmitted from the adder and the 
rotational speed of the heat-dissipating fan apparatus. A fan apparatus of the 
heat-dissipating fan apparatus connected to the controller and the integrated 
circuit runs when the switch is ON. 

Thus, when the temperature of the integrated circuit is within an 
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allowed range, the integrated circuit can operate without running the fan and 
when the system performance is in a high-speed performance mode. Even 
when the environmental temperature is low, the high-speed performance 
mode of the system or the switching of the fan can be switched. When the 
control signal that the adder outputs exceeds an allowed value V max (the 
control signal is weighted total of the operating load and the temperature 
difference), the controller switches ON the switch and activates the fan. 

Also, the present invention is applied to a portable computer, and the 
portable computer includes an integrated circuit and has a main structure 
comprising a main portion and a display portion. The heat-dissipating 
apparatus of the integrated circuit includes at least a fan apparatus, a heat pipe 
and a drive circuit. The heat-dissipating fan apparatus is connected to the 
integrated circuit and dissipates the heat that the integrated circuit emits. The 
heat-dissipating apparatus also includes a heat sink, and the heat pipe is 
connected to this. The heat pipe includes a first heat pipe and a second heat 
pipe, both are connected to the heat sink and carry the heat that the heat sink 
stores, the first heat pipe, the second heat pipe and a shell of the main portion 
are in contact, and the second heat pipe is connected to a metal cable. The 
drive circuit controls the rotational speed of the fan on the basis of the load of 
the integrated circuit, the peripheral temperature, the temperature of the 
integrated circuit and a reference temperature. 
[0005] 

[Embodiment of the Invention] 

As FIG. 2 shows, the present invention is a heat-dissipating fan 
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apparatus that adjusts the rotational speed of a heat-dissipating fan 144 of an 
integrated circuit 100 with the load of the integrated circuit 100, the 
peripheral temperature T a i r , the temperature T IC of the integrated circuit and a 
reference temperature Tref- The heat-dissipating fan apparatus of the 
integrated circuit 100 includes at least an adder 120, a controller 130 and the 
heat-dissipating fan 144. 

A weighted adder may be used for the adder 120. The adder 120 
generates a control signal V ws by receiving first, second and third voltage 
signals V D i, V D2 and V D3 . The first voltage signal V DI corresponds to the 
load, the second voltage signal V D 2 corresponds to the temperature difference 
between the integrated circuit 1 00 and the peripheral environment, and the 
first voltage signal V D 3 corresponds to the difference between the peripheral 
temperature and the reference temperature. The first voltage signal V DJ is 
generated by a load prediction circuit. The load prediction circuit includes an 
inductive reactance R and an operational amplifier 104. The difference in the 
voltage at both ends of the inductive reactance R becomes the input signal of 
the operational amplifier 104 to generate the first voltage signal 1 V D i. 
Thermal sensors 110, 112 and 1 14 sense the integrated circuit temperature Ti C , 
the peripheral temperature T air and the reference temperature Tre F to generate 
corresponding voltage signals V T ic, V Ta i r and V REF . A differential amplifier 
116 receives Vjic and Vj a i r to generate the second voltage signal Vo2> and a 
differential amplifier 118 receives V Tair and V REF to generate the third voltage 
signal V D3 . 
[0006] 
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FIG 3 shows a circuit diagram when a weighted adder is used for the 
adder 120. The embodiment described here is not limited to only the scope 
of the present invention. The weighted adder 120 receives the first, second 
and third voltage signals second voltage signal V D1 , V D2 and V D 3 to generate 
^ the control signal V ws . 

The controller 130 includes a control circuit 132 and a switch 132. 
The controller 130 is connected to the adder 120, and the switching of the 
switch 134 is controlled by the control signal V W s that the adder 120 outputs 
and the rotational speed of the heat-dissipating fan 144. The heat-dissipating 
fan apparatus 140 includes at least a drive circuit 142, the heat-dissipating fan 
144 and a fan rotational speed detection circuit 146. A heat-dissipating fan 
apparatus 140 is connected to the controller 130 and the integrated circuit 100, 
and the heat-dissipating fan 144 runs when the switch 134 is ON. 
[0007] 

FIG. 4 shows a circuit diagram between the controller 130 and the 
heat-dissipating fan 144. The embodiment described here is not limited to 
only the scope of the present invention. The control circuit 132 receives a 
reference voltage V max , and as for the control voltage signal V ws that the 
adder 120 outputs and a fan rotational speed sensing signal FAN_SENS, a 
heat-dissipating system drives the heat-dissipating fan 144 and determines 
whether or not to conduct heat-dissipation of the system. The reference 
voltage V max corresponds to the weighted total of the temperature difference 
and the allowable maximum integrated circuit operating load of the integrated 
circuit 100. With respect to this maximum allowed value, the heat that the 



integrated circuit 100 radiates is sent to a heat pipe or another heat-dissipating 
apparatus. When the tem perature exceed &ihe allowedrange^he controller 
130 switches ON the switch 134 to drive the heat-dissipating fan apparatus 
140. The fan rotational speed detection circuit 146 continually detects the 
rotational speed of the heat-dissipating fan 1 44 and sends the fan rotational 
speed sensing signal FAN SENS to the control circuit 132. This type of fan 
control circuit is particularly useful in portable electronic devices (portable 
computers, etc.). With portable computers, it is not the case that continuous 
power is continually supplied as in a common desktop computer, but because 
portable computers use a battery as the power supply, continuous operation of 
the fan is linked to a reduction in the lifespan of the battery; therefore, the 
efficiency of the computer itself drops. When the temperature of the central 
processing unit is not excessively hot, or when working in a room with a 
cooler, it is not necessary to drive the fan and conduct heat dissipation of the 
central processing unit. 
[0008] 

The control circuit 132 can also receive a system performance mode 
(PFM) signal to control the rotational speed of the heat-dissipating fan 144. 
Tables 1 and 2 below show truth values corresponding to Vqut of the mode 
circuit of FIG. 4. Table 1 shows a case where the fan is in a normal state and 
the signal FAN_SENS is at a high level, and Table 2 shows a case where the 
fan is in an abnormal state and the signal FANJSENS is at a low level. 

As FIG. 4 shows, assuming that V max is 4 volts, a comparator 132a 
receives the voltage signal V max and V W s and outputs the comparison result. 



8 



When V ws is greater than the voltage signal V max , the output voltage signal 
Vwso becomes a high level signal, and when the system performance is 
normal, the signal PFM also becomes a high level, the signal FAN SENS 
when the fan is in a normal status is also a high level, and the output signal of 
a logic gate 132d becomes a high level. The truth table corresponding to 
Table 1 is true (T), and in this case the switch 134 is ON and the 
heat-dissipating fan is driven. As for other types of statuses, the operating 
principle of the control circuit 132 will be understood by comparing Table 2 
with Table 1 . 
[Table 1] 



FAN-SENS 
High Level 
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Mode (PFM) 


High Level 


Low Level 


Vwso 


High Level 


T 


T 
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Low Level 


T 
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[Table 2] 
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[0009] 



As shown in FIGS. 5 and 6, the present invention can be applied to a 
portable electronic device such as a laptop computer. The portable electronic 
device includes an integrated circuit 210, and this serves as the central 
processing unit. The overall structure of the portable computer comprises a 
main portion 200a, a shell that houses a motherboard, a display portion 200b 
and a display shell. An LCD (liquid crystal display) serves as a display 
screen 200c. A fan apparatus, a heat pipe and a drive circuit are disposed in 
this system. 
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[0010] 

The fan apparatus is connected to the integrated circuit 210 and 
dissipates the heat that the integrated circuit 2 10 generates. The fan 
apparatus includes a fan 220 and a heat sink 220. The heat pipe device 
includes at least a first heat pipe 224 and a second heat pipe. Both pipes are 
connected to the heat sink 222 and contact the shell of the main portion 200a 
of the portable computer. Because the first heat pipe 224, the second heat 
pipe 226 and the metal shell of the main portion 200a are in contact, the heat 
that the integrated circuit 210 emits continues to be efficiently conducted 
from the heat sink 222 to the first heat pipe 224 and the second heat pipe 226. 

The drive circuit controls the rotational speed of the fan 220 with the 
load of the integrated circuit 2 1 0, the peripheral temperature, the integrated 
circuit temperature and the reference temperature. Similar to what was 
previously described, the drive circuit controls the rotational speed of the fan 
with the system efficiency, the environmental temperature and the 
temperature of the central processing unit. Because the operating format is 
the same as described above, description will not be given again here. 
[0011] 

Various types of performance modes of the portable computer are 
adjusted with the following methods. The first is a method where a high 
speed/low speed switching pin (Hi/Lo pin) that the central processing unit of 
the portable computer itself has executes high speed/low speed performance 
modes with respect to the central processing unit. 

As shown in FIG. 2, the second is a method where the object of 
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adjusting action execution is achieved as a result of a clock frequency that a 
clock chip 1 52 outputs with respect to the central processing unit 1 00 being 
converted by a system manage bus (SM bus). However, when the clock 
frequency is converted, it is necessary to confirm whether this conforms to the 
specification of the circuit of the central processing unit of each manufacturer. 

As shown in FIG. 2, in the third, the clock signal inside the central 
processing unit stops when the stop clock pin (SCP) of the central processing 
unit is at a low level, and the clock signal inside the central processing unit 
conducts work normally when the stop clock pin is at a high level. Therefore, 
the ratio of the input times of the low level and high level signals of the stop 
clock pin (SCP) can be controlled simply by a chipset 150, the central 
processing unit 100 and a logic gate. Thus, the duty cycle of the clock signal 
inside the central processing unit is adjusted and fulfills the object of action 
execution. 
[0012] 

As FIGS. 7 and 8 show, an end of the second heat pipe 226 is 
connected to a metal cable 230, and the outer side is covered with a metal 
bush 228. Heat-dissipating grease 232 is applied between the metal cable 
230 and the metal bush 228, so that the heat dissipation effect can be raised. 
A metal cable 234 may also be disposed under the display screen 200c. By 
using a metal cable, the heat is more effectively discharged from the metal 
shell. 
[0013] 

[Effects of the Invention] 
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The characteristic of the present invention lies in controlling the 
rotational speed of the heat-dissipating fan with the load, the temperature of 
the central processing unit, the environmental temperature and the reference 
temperature. The heat-dissipating apparatus can accommodate the system 
performance mode. Moreover, the heat pipe continuously conducts heat 
dissipation with respect to the integrated circuit of the central processing unit, 
the control signal that the adder outputs exceeds the allowed value V max , and 
the heat-dissipating work of the fan is strengthened by the control circuit 
output value. 

The present invention is not limited to the above-described 
embodiment, and various changes and modifications can be made without 
deviating from the scope of the invention. 
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(57) [Abstract] 

[Problem] To provide a heat-dissipating fan apparatus of an integrated circuit 
that controls the rotational speed of a fan with the temperature of the 
integrated circuit, the temperature of the peripheral environment and a 
reference temperature, and to regulate system efficiency with the temperature 
of the system and the overall heat dissipation state. 

[Solution] A control circuit of a heat-dissipating fan apparatus of an integrated 
circuit controls the rotational speed of a fan and system performance with the 
load and temperature of the integrated circuit, the peripheral temperature and 
a reference temperature; when the temperature of the integrated circuit is 
within an allowed range, a heat pipe continues to dissipate the heat generated 
by the integrated circuit, and when a control signal that an adder outputs 
exceeds an allowed value, the control circuit drives the fan to conduct heat 
dissipation. 
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[Claims] 
[Claim 1] 

An integrated circuit heat-dissipating fan apparatus whose rotational 
speed is adjusted on the basis of the load of the integrated circuit, the 
peripheral temperature, the temperature of the integrated circuit and a 
reference temperature, the integrated circuit heat-dissipating fan apparatus 
comprising an adder, a controller and a heat-dissipating fan apparatus, 
wherein 

the adder receives first, second and third voltages signals and outputs 
a control signal, 

the first voltage signal corresponds to the load, the second voltage 
signal corresponds to the temperature difference between the integrated 
circuit and the peripheral environment, and the third voltage signal 
corresponds to the difference between the peripheral temperature and the 
reference temperature, 

the controller is connected to the adder and controls a switch on the 
basis of the control signal transmitted from the adder and the rotational speed 
of the heat-dissipating fan apparatus, and 

the heat-dissipating fan apparatus is connected to the controller and 
the integrated circuit and includes a fan that starts running when the switch is 
ON. 

[Claim 2] 

The integrated circuit heat-dissipating fan apparatus of claim 1, 
wherein the first voltage signal is generated by a ioad prediction circuit that 
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comprises an inductive reactance and an operational amplifier, with the 
operational amplifier receiving the potential difference of the inductive 
reactance to generate the first voltage signal. 
[Claim 3] 

The integrated circuit heat-dissipating fan apparatus of claim 1, 
wherein a weighted adder may be used for the adder. 
[Claim 4] 

The integrated circuit heat-dissipating fan apparatus of claim 1, 
wherein the integrated circuit is a microprocessor. 
[Claim 5] 

The integrated circuit heat-dissipating fan apparatus of claim 1, further 
comprising the fan, a drive circuit that drives the fan, and a fan rotational 
speed sensing circuit that detects the rotational speed of the fan and transmits 
a fan rotational speed sensing signal to the controller and the integrated 
circuit. 
[Claim 6] 

The integrated circuit heat-dissipating fan apparatus of claim 1, 
wherein the switch is a transistor switch. 
[Claim 7] 

An integrated circuit heat-dissipating fan apparatus applied to a 
portable computer which includes the integrated circuit and whose main 
structure comprises a main portion and a display portion, the integrated circuit 
heat-dissipating fan apparatus comprising: 

a fan apparatus that is connected to the integrated circuit and includes 



15 



a fan and a heat sink; 

a heat pipe connected to the heat sink; and 

a drive circuit that controls the rotational speed of the fan with the 
load of the integrated circuit, the peripheral temperature, the temperature of 
the integrated circuit and a reference temperature. 
[Claim 8] 

The integrated circuit heat-dissipating fan apparatus of claim 7, 
wherein the drive circuit includes 

an adder that receives first, second and third voltage signals and 
outputs a control signal, with the first voltage signal corresponding to the load, 
the second voltage signal corresponding to the temperature difference 
between the integrated circuit and the air, and the third voltage signal 
corresponding to the difference between the peripheral temperature and the 
reference temperature, and 

a controller that is connected to the adder and controls a switch with 
the control signal that the adder outputs and the rotational speed of the fan. 
[Claim 9] 

The integrated circuit heat-dissipating fan apparatus of claim 8, 
wherein the first voltage signal is generated by a load prediction circuit 
comprising an inductive reactance and an operational amplifier, with the 
operational amplifier receiving the potential difference of the inductive 
reactance to generate the first voltage signal. 
[Claim 10] 

The integrated circuit heat-dissipating fan apparatus of claim 8, 
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wherein the adder comprises a weighted adder. 
[Claim 11] 

The integrated circuit heat-dissipating fan apparatus of claim 8, 
wherein the integrated circuit is a central processing unit of the portable 
computer. 
[Claim 12] 

The integrated circuit heat-dissipating fan apparatus of claim 8, 
wherein the heat-dissipating fan apparatus comprises 
a fan, 

a drive circuit that is connected to the switch and the fan and drives 
the fan, and 

a fan rotational speed detection circuit that detects the rotational speed 
of the fan, generates a fan rotational speed sensing signal, and transmits the 
fan rotational speed sensing signal to the controller and the integrated circuit. 
[Claim 13] 

The integrated circuit heat-dissipating fan apparatus of claim 8, 
wherein the switch is a transistor switch. 
[Claim 14] 

The integrated circuit heat-dissipating fan apparatus of claim 7, 
wherein the heat pipe device includes a first heat pipe and a second heat pipe 
that are connected to the heat sink and contact a shell of the main portion of 
the portable computer. 
[Claim 15] 

The integrated circuit heat-dissipating fan apparatus of claim 14, 
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0 ' . 

wherein the second heat pipe is connected to a metal cable. 
[Claim 16] 

The integrated circuit heat-dissipating fan apparatus of claim 15, 
wherein the material of the metal cable comprises a compound configured by 
copper, aluminum and magnesium. 
[Claim 17] 

The integrated circuit heat-dissipating fan apparatus of claim 15, 
wherein the heat pipe device and the metal cable are sheathed in a metal bush. 
[Claim 18] 

The integrated circuit heat-dissipating fan apparatus of claim 15, 
wherein heat-dissipating grease is applied between the metal cable and a 
metal bush. 
[Claim 19] 

The integrated circuit heat-dissipating fan apparatus of claim 7, 
wherein the metal cable is disposed at the rear surface of the display portion 
of the portable computer. 
[Claim 20] 

The integrated circuit heat-dissipating fan apparatus of claim 7, 
wherein the display portion comprises a liquid crystal display (LCD). 
[Claim 21] 

The integrated circuit heat-dissipating fan apparatus of claim 7, 
wherein a shell of the display portion and the main portion of the portable 
computer comprises a metal material. 
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[Brief Description of the Drawings] 

[FIG 1] A circuit block diagram of a fan heat-dissipating apparatus of a 
conventional integrated circuit. 

[FIG. 2] A circuit block diagram of a fan heat-dissipating apparatus of an 
integrated circuit of the present invention. 

[FIG 3] A circuit diagram of an embodiment where a weighted adder is used 
in the present invention. 

[FIG 4] A circuit diagram between a controller and a fan of the present 
invention. 

[FIG 5] A structural explanatory diagram where the present invention is 
applied to a portable computer. 

[FIG 6] An exploded perspective diagram of main parts between the 
controller and the fan of the present invention. 

[FIG 7] An external diagram between a metal cable and a metal bush of the 
present invention. 

[FIG 8] A cross-sectional diagram between the metal cable and the metal 
bush of the present invention. 

[Description of Reference Numerals] 

1 1 Integrated Circuit 

12 Stabilizer 

1 3 Operational Amplifier 

14 Heat-Dissipating Fan 

1 5 Inductive Reactance 
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100 Integrated Circuit 

102 Stabilizer 

104 Operational Amplifier 

110, 112, 114 Thermal Sensors 

116, 118 Differential Amplifiers 

120 Adder 

130 Controller 

132 Control Circuit 

132a-132d Logic Gates 

134 Switch 

136 Voltage Regulator 

1 40 Heat-Dissipating Fan Apparatus 

142 Drive Circuit 

144 Heat-Dissipating Fan 

146 Fan Rotational Speed Detection Circuit 

150 Chipset 

152 Clock Chip 

160 Display 

170 Buzzer 

200a Portable Computer Main Portion 

200b Portable Computer Display Portion 

200c Portable Computer Display Screen 

220 Fan 

222 Heat Sink 
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224 First Heat Pipe 

226 Second Heat Pipe 

228 Metal Bush 

230, 234 Metal Cables 

232 Heat-Dissipating Grease 
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FIG 1 

1 1 INTEGRATED CIRCUIT 

12 STABILIZER 

14 HEAT-DISSIPATING FAN 

FIG. 2 

100 MICROPROCESSOR 

102 STABILIZER 

1 1 0 INTEGRATED CIRCUIT SENSOR 

1 1 2 PERIPHERAL AIR THERMAL SENSOR 

1 1 4 FIXED TEMPERATURE REFERENCE VOLTAGE 

1 1 6 DIFFERENTIAL AMPLIFIER 

1 1 8 DIFFERENTIAL AMPLIFIER 

1 20 WEIGHTED ADDER 

A/D SWITCH 

1 32 CONTROL CIRCUIT 

1 3 6 VOLTAGE REGULATOR 
142 DRIVE CIRCUIT 

144 HEAT-DISSIPATING FAN 

146 FAN ROTATION SPEED DETECTION CIRCUIT 

150 CHIPSET 

152 CLOCK CHIP 

170 BUZZER 
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